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[Designation of Documents] Specification 
[Title of the Invention] NOx Reducing Method 
[Claims] 

[Claim 1] A NOx reducing method of reducing NOx 
generated by the combustion of a gas generating agent for an 
air bag by a reducing material placed inside an inflator, and 
decreasing its amount. 

[Claim 2] A NOx reducing method according to claim 1, 
wherein said reducing material is placed inside an ignition 
means accommodation chamber of the inflator. 

[Claim 3] A NOx reducing method according to claim 1, 
wherein said reducing material is placed inside a gas 
generating agent combustion chamber of the inflator. 

[Claim 4] A NOx reducing method according to claim 3, 
wherein said reducing material is placed in the proximity of 
a gas outlet from an ignition means accommodation chamber in 
the gas generating agent combustion chamber. 

[Claim 5] A NOx reducing method according to claim 1, 

■> 

wherein said reducing material is placed at a coolant/filter 
portion of the inflator. 

[Claim 6] A NOx reducing method according to any one 
of Claims 1-5, wherein said reducing material is at least one 
member selected from the group consisting of a compound 
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containing an amide, a guanidine derivative, a tetrazole 
derivative, a hydrazine derivative, a triazine derivative, a 
hydroxylamine salt, a sodium salt, an ammonium salt, an ammine 
complex, a cyanate, and a dicyanamide salt. 

[Claim 7] A NOx reducing, method according to claim 6, 
wherein said reducing material is at least one member selected 
from the group consisting of azodicarbonamide , dicyandiamide , 
5 -aminotetrazole or its salt, a bitetrazole or its salt. 

[Claim 8] A NOx reducing method according to any one 
of Claims 1-5, wherein said reducing material is a mixture of 
5 -aminotetrazole and copper oxide. 

[Claim 9] A NOx reducing method according to any one 
of Claims 1-8, wherein said reducing material is a molded 
article . 

[Claim 10] An inf lator system adopting a NOx reducing 
method according to any one of Claims 1-9. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field Where The Invention Belongs] 
This invention relates to an NOx reducing method for 
decreasing the amount of NOx generated by the combustion of 
a gas generating agent for air bag in an inflator of an air 
bag system installed in automobiles, airplanes, etc, for 
protecting human bodies. 



[0002] 
[Prior Art] 

Sodium azide is well known at present as a combustion 
component of a gas generating agent used in air bag systems. 
The gas generating agent using sodium azide has a high 
decomposition temperature of 400°C or above and is excellent 
in thermal stability. This agent has no problem of its 
combustion characteristics, in particular, and has therefore 
gained a wide practical application . However , it is known that 
sodium azide might result in environmental pollution when it 
is discarded in large quantities because, for example, sodium 
azide forms explosive compounds upon reacting with heavy 
metals, and its peroral toxicity LD 50 of a mouse and a rat is 
27 mg/kg. 

[0003] 

To solve these problems, novel compounds that may 
substitute for sodium azide have been examined. For example, 
JP-B 6-57629 discloses a gas generating agent containing a 
transition metal complex of tetrazole or triazole. JP-A 
5-254977 discloses a gas generating agent containing 
triaminoguanidine nitrate. JP-A 6-239683 discloses a gas 
generating agent containing carbohydrazide . JP-A 7-61885 
discloses a gas generating agent that contains cellulose 
acetate, potassium perchlorate and an ni trogen - containing 



nonmetallic compound. USP 5,125,684 discloses a gas 
generating agent containing 15 to 30% of a cellulose base 
binder such as nitrocellulose, and an energetic material. 
JP-A 4-265292 discloses a gas generating composition 
comprising the combination of tetrazole and triazole 
derivatives, an oxidizing agent and a slag- forming agent. 
[0004] 

[Problems to be Solved by the Invention] 
A gas generating composition composed of a nitrogen- 
containing organic compound has, in general, defects such that 
the heat content is large, a combustion temperature is high, 
a linear burning rate is small and a trace amount of poisonous 
gas generates, in comparison with a gas generating composition 
of an inorganic azide compound when it burns with an oxidizing 
agent to generate oxygen gas in the stoichiometric amount, that 
is, in so much an amount as to burn non-oxidized elements such 
as carbon, hydrogen and others contained in the molecule of 
the nitrogen-containing organic compound. 
[0005] 

Among the gases generated by the combustion of the gas 
generating agent, it is CO and NOx that render the particular 
problem. These gases are generated substantially always when 
organic compounds are burn. When the amount of the organic 
compound is greater than the theoretical amount of complete 



oxidation, the trace CO concentration in the generated gas 
increases, and when the amount of the organic compound is equal 
to, or smaller than, the theoretical amount of complete 
oxidation, the trace NOx concentration in the generated gas 
increases, although the absolute numerical values vary with 
the kinds of the organic compound and the oxidizing agent used 
for the gas generating agent. Both of them never reach zero 
in the combustion of the gas generating agent, and the range 
within which the optimal balance between them can be maintained 
must be searched. From the aspect of protection of users, it 
is demanded that the concentrations of the generated CO and 
NOx gases should be further reduced, however, no effective 
method of reducing these has yet to be in practical use. 
Particularly because the NOx concentration does not much 
decrease even when the mixing ratio between the organic 
compound and the oxidizing agent is changed, it is extremely 
difficult to reduce the NOx concentration. 
[0006] 

One of the known NOx reducing methods is a denitration 
technology in a large-scale process using a boiler and a burner 
for burning heavy oil, kerosene, coal, propane gas, and so 
forth. A typical example of this denitration technology is 
the selective reducing method using NH 3 for removing NOx by 
the following reaction: 



NO + NH 3 + 1/4 0 2 ~~» N 2 + 3/2 H 2 0 

One may attempt to utilize this selective reducing 
method for the inflator. However, it is not possible to use 
NH 3 which is a gas (boiling point : -33.4°C) for a reducing agent . 
The method using urea in place of the NH 3 gas is known, but 
this method cannot be applied to practical application because 
decomposition and sublimation take place in the high 
temperature test required for the inflator. 

[0007] 

WO98/06682 discloses an NOx reducing method using the 
reducing material selected from the group consisting of 
ammonium salts, typified by (NH 4 )2C0 3 , (NH 4 ) 2 S0 4 , NH 4 C1, 
H 2 NC0 2 NH 4 and NH 4 F, ammonium hydroxide , amine compounds, amide 
compounds, typified by H 2 NCONH 2 , and imide compounds typified 
by cyanuric acid (HNCO) 3 . However, these reducing materials 
involve various problems caused from the factors such that they 
have low thermal stability and that they are likely to undergo 
decomposition with the passage of time. 

[0008] 

In the thermal stability test at 105°C, for example, the 
weight loss ratio of both of (NH 4 ) 2 C0 3 and H 2 NC0 2 NH 4 after 18 
hours was 100%, whereas the weight loss ratio of H 2 NCONH 2 after 
408 hours in the same test was 2.11%. When the reducing 
materials are decomposed and their weight decreases in this 



way, a sufficient reduction effect cannot be exhibited, and 
the rise of the internal pressure due to the generation of the 
decomposition gas may break the seal of the vessel. 
Furthermore, ammonia and amino radicals, etc. as the 
decomposition gas of the reducing materials have high 
reactivity, so that the decomposition of the gas generating 
agent itself is induced and therefore, service life of the 
inf lator is shortened. Incidentally, though cyanuric acid is 
hardly decomposed by heat, its reducing power is low as is 
obvious from its structure. Therefore, its NOx reducing 
effect is small. 
[0009] 

The reducing materials disclosed in WO98/06682 generate 
harmful gases to the human body upon decomposition. For 
example, H 2 S and SOx are generated from (NH 4 ) 2 S0 4 ; HC1 and Cl 2 
are generated from NH 4 C1; and H 2 F and F 2 are generated from 
NH 4 F. Leak of these harmful gases outside the inf lator system 
cannot be neglected when the influences on the human body are 
taken into consideration, and also lowers safety of the system 
as a whole. 

[0010] 

It is an object of the present invention to provide a 
NOx reducing method, in an inf lator of an air bag system, such 
that the amount of the NOx generated by the combustion of a 



gas generating agent for the air bag can be reduced, and 
therefore, safety can be further improved in view of the 
protection of users. 

And it is another object of the present invention to 
provide an inflator system adopting the above NOx reducing 
method . 

[0011] 

[Means to Solve the Problems] 

To find a suitable method of reducing NOx, the inventors 
of the present invention has made studies specifically aiming 
at the selective reducing method using urea, and has found that 
the objects of the invention described above can be 
accomplished by utilizing the reaction between radicals and 
NOx on the basis of the concept that the NOx reducing mechanism 
by urea results from the reaction between radicals such as NH 2 
radicals, NCO radicals, CN radicals, alkyl radicals, and so 
forth, with NOx, and a part of NOx is changed to the N 2 gas. 
The present invention has thus been completed. 

[0012] 

In other words, the present invention provides the NOx 
reducing method characterized in that NOx generated by the 
combustion of the gas generating agent for the air bag is 
reduced by the reducing material placed inside the inflator 
and their amount is reduced. 



The present invention provides further an inflator 
system adopting the NOx reducing method described above. 
[0013] 

[Preferred Embodiments of The Present Invention] 
The reducing material used in the present invention 
preferably has high thermal stability and readily to generate 
radicals upon decomposition as described above. Such a 
reducing material is at least one member selected from the 
group consisting of compounds containing amide such as 
azodicarbonamide (ADCA) and biurea; guanidine derivatives 
such as dicyandiamide (DCDA) and guanidine nitrate; tetrazole 
derivatives such as 5 - aminotetrazole (5-AT) and 5- 
aminotetrazole metal salts; bitetrazole derivatives such as 
bitetrazol, bitetrazole metal salts and bitetrazole ammonium 
salts; hydrazine derivatives, e.g. trihydrazinotriazine 
(THT) , carbohydrazide (CDH) complex, hydrazine complex and 
oxalyldihydrazide ; triazine derivatives such as melamine; 
salts of hydroxylamine such as hydroxylamine oxalate and 
sodium salts such as sodium oxalate; cyanates such as sodium 
cyanate; ammonium salts such as ammonium molybdate; ammine 
complexes such as Cu (NH 3 ) 4 (N0 3 ) 2 ; and dicyanamide salts such 
as sodium dicyanamide. 
[0014] 

The reducing material is preferably azodicarbonamide, 



dicyandi amide , 5 - aminotetrazole, 5 - amino tetrazole sodium 
salt, 5-aminotetrazole potassium salt, bitetrazole, 
bitetrazole ammonium salt, trihydrazinotriazine and the 
carbohydrazide complex because these materials are easily 
available and economical and have low toxicity. 
[0015] 

Particularly preferred examples of the reducing 
material are azodicarbonamide , or 5-aminotetrazole because 
they generate extremely efficiently the NH 2 radical ( • NH 2 ) as 
shown in the following reaction formulas. 
(ADCA) 

ADCA — ► 2 • CONH 2 + N 2 
• CONH 2 -> CO + • NH 2 

(5-AT) 

5-AT — ► ' CHN 4 + * NH 2 

In the present invention, the reducing material can be 
used in combination with a material (a reducing catalyst) 
functioning as a reducing catalyst. Examples of the reducing 
catalyst include copper oxide. An example of the combination 
of the reducing material and the reducing catalyst is the 
combination of 5-aminotetrazole and copper oxide. These 
compounds are preferably used as a mixture. When such a 
combination system is used as the reducing material, NOx is 
reduced by ammonia and amino radicals, etc. generated by the 



decomposition of 5-aminotetrazole, and is also reduced by the 
reaction between NOx and hydrogen, methane, etc, generated by 
the decomposition of 5-aminotetrazole. Therefore, the 
reducing effect can be enhanced synergistically , and the 
absolute amount of use of the reducing material can be 
decreased. Furthermore, the ammonia concentration in the gas 
after the reduction can be prevented from becoming excessively 
high . 

[0016] 

The preferred compounding ratio of the reducing material 
and the reducing catalyst, when they are used in combination, 
is such that the reducing catalyst is 0.01 to 200 parts by weight 
and particularly preferably, 5 to 100 parts by weight on the 
basis of 100 parts by weight of the reducing material. 

[0017] 

The reducing material can be used in the powder form. 
However, if necessary, it may be formed, either alone or with 
a small amount of a binder, into a suitable shape such as a 
granule, a pellet, a disk, a single -hole mold (macaroni shape) , 
and so forth, or, for example, may be supported by a suitable 
support in order to increase the surface area. 
[0018] 

The amount of use of the reducing materials is preferably 
0.1 to 20 parts by weight, particularly preferably 0.5 to 10 



parts by weight, on the basis of 100 parts by weight of the 
gas generating agent. If the amount of use of the reducing 
materials is not less than 0.1 parts by weight, the NOx 
reducing effect can be improved. If it is not more than 20 
parts by weight, the combustion of the gas generating agent 
is not impeded while a high NOx reducing effect is maintained. 
[0019] 

In the NOx reducing method according to the present 
invention, if a sufficient contact can be kept between the 
reducing material and the generated Nox, the position where 
the reducing material is placed is not limited in particular, 
as long as it is placed inside the inflator. However, in a 
view of reducing the NOx reliably and effectively as well as 
securing safety of users, it is preferable to choose a position 
for placing the reducing material. In the present invention, 
the reducing material may be mixed with the gas generating 
agent but it is preferable that the reducing material 
positioned separately, without mixing with the gas generating 
agent . When a molded reducing material is used as the reducing 
material, it may be mixed with the molded article of the gas 
generating agent, or they may be placed separately. 

[0020] 

Next, the NOx reducing method according to the present 
invention will be explained with reference to the inflator 



shown in Fig. 1. The inflator in Fig.l is shown merely for 
the purpose of explaining the NOx reducing method according 
to the embodiment of the present invention. In other words, 
the application object of the NOx reducing method of the 
present invention is not particularly limited to the inflator 
having the construction shown in Fig. 1, and the construction 
itself of the inflator is not particularly limited, either, 
to the one shown in the drawing. 
[0021] 

In an embodiment for executing the NOx reducing method 
of the present invention, the reducing material is placed 
inside an ignition means accommodation chamber (enhancer 
chamber) 12 in the inflator 10. The ignition means 
accommodation chamber (enhancer chamber) 12 comprises a small 
partitioned chamber. It is an ideal place particularly when 
the reducing material in a powder form is handled. Reference 
numeral 14 denotes a transfer charge and reference numeral 16 
denotes an igniter. 

[0022] 

In another embodiment for executing the NOx reducing 
method of the present invention, the reducing material is 
placed inside a gas generating agent combustion chamber 20 in 
the inflator 10. Because the inside of the gas generating 
agent combustion chamber 20 will be exposed to a high 
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temperature and a high pressure due to the combustion of the 
gas generating agent 22, the reaction between the NH 2 radicals 
generated by the promotion of the decomposition, and the 
decomposition itself, of the reducing material, and the NOx 
can be promoted desirably. In this embodiment, it is 
particularly preferred to position the reducing material in 
the proximity of a gas outlet 18 from the ignition means 
accommodation chamber 12 inside the gas generating agent 
combustion chamber 20. 
[0023] 

In still another embodiment for executing the NOx 
reducing method of the present invention, the reducing 
material is placed inside a coolant/filter 30 in the inflator 
10. When the reducing material is placed inside the 
coolant/filter 30, the reducing material can be directly 
dusted on the filter. Alternatively, after the reducing 
material is dissolved or suspended in a solvent, the filter 
is immersed and is then dried. 

[0024] 

When the NOx reducing method of the present invention 
is applied to the inflator in this way, NOx generated by the 
decomposition of the gas generating agent 22 reacts with the 
NH 2 radical, etc, generated by the decomposition of the 
reducing material. In this case, a part of the NOx is turned 



to the N 2 gas. Thus, the amount of the NOx can be reduced. 
After the amount is so reduced, the gas is discharged from a 
gas discharge port 40 through a clearance (gas flow passage) 
32 and instantaneously inflates the air bag. 
[0025] 

The NOx reducing method according to the present 
invention can be applied to an inf lator system which is mounted 
to automobiles and airplanes for protecting human bodies, and 
that comprises a module case for accommodating the inflator 
and the air bag, a judgement circuit, a sensor, and so forth. 

[0026] 

[Examples] 

Hereinafter, the present invention will be explained 
more concretely with reference to Examples and Comparative 
Examples, which are merely illustrative but in no way 
restrictive . 

[0027] 
Production Example 1 

15 parts by weight of water was added to 32.4 parts by 
weight of ni troguanidine , 57.6 parts by weight of strontium 
nitrate and 10 parts by weight of carboxyme thyl cellulose 
sodium salt, and kneadingly mixed. The kneaded mixture was 
then extruded, cut and molded to a mold having an outer diameter 
of 2.5 mm, an inner diameter of 0.8 mm and a length of 2.25 



mm. The mold was sufficiently dried to give a gas generating 
agent . 

[0028] . 

Examples 1 to 6 & Comparative Example 1 

The NOx reducing method was carried out by placing each 
reducing material in the powder form shown in Table 1 in the 
ignition means accommodation chamber or in the gas generating 
agent combustion chamber of the inflator having the 
construction shown in Fig. 1. Incidentally, the combustion 
test was carried out at room temperature by installing the 
inflator using 41.9 g of the gas generating agent and 1 g of 
the enhancer (B/KNO3) , that were obtained in Production Example 
1, into a 2,800-liter tank. Analysis of CO and NOx was 
conducted using a detector tube at 30 minutes after the start 
of the operation of the inflator. The result was shown in Table 
1 . 

[0029] 
Examples 7 to 11 

The gas analysis inside the 2,800-liter tank was 
conducted in the same way as in Examples 1 to 6 with the 
exception that the pellet (diameter: 5 mm, thickness: 1.2 mm) 
of 5 - aminotetrazole (5 -AT) was positioned in the proximity of 
the outlet of the ignition means accommodation chamber of the 
gas generating agent combustion chamber. The result was shown 



in Table 1 . 

[0030] 
Example 12 to 13 

5 -AT and copper (II) oxide (CuO) powder were mixed at 
weight ratios of 5-AT/CuO = 90/10 (Example 12) and 5-AT/CuO 
= 70/30 (Example 13) , and each mixture was molded into a pellet 
(diameter: 5 mm, thickness: 1.2 mm) . The gas analysis inside 
the 2,800-liter tank was conducted using each pellet in the 
same way as in Examples 7 to 11. The result was shown in Table 



[0031] 
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bitetrazole diammonium salt 
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[0032] 

Test Example (thermal stability test) 

Compounds 1 to 17 corresponding to the reducing 
materials used in the present invention and compounds 1 to 8 
corresponding to the reducing materials used in the prior art 
(WO98/06682) were preserved in the atmosphere of 105°C # 
respectively, to measure the relation of their left - standing 
time and the weight loss ratio. The result was shown in Table 
2 . 
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[0.033] 
[Table 2] 





Left-standing time 
(hr) 


Weight loss ratio 
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This Invention 
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bitetrazole potassium salt 
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[0034] 

[Effects of the Invention] 

When the NOx reducing method according to the present 
invention is employed, it becomes possible to reduce the NOx 
generated by the combustion of the gas generating agent for 
the air bag by the reducing material placed inside the inf lator, 
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and to thus reduce the NOx amount. The reducing material used 
for the NOx reducing method according to the present invention 
has higher thermal stability than that of the reducing 
materials of the prior art which are different from the 
reducing material of the present invention. Moreover, the 
reducing materials of the present invention hardly generate 
poisonous gases. 

Therefore, when the NOx reducing method, and the 
inf lator using this method, according to the present invention 
are employed, the possibility of adverse influences on the 
health of users can be lowered, and reliability as well as 
safety of the inf lator system can be further enhanced. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic sectional view of an 
inf lator . 
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[Designation of Document] Abstract 
[Abstract] 

[Object] To provide a method capable of decreasing the 
amount of NOx generated by the combustion of a gas generating 
agent for an air bag. 

[Means to Solve the Problems] A method for reducing NOx 

generated by the combustion of a gas generating agent of an 
air bag by a reducing material placed inside an inflator and 
decreasing its amount. NH 2 radical, or the like, is generated 
by the decomposition of the reducing material. The radical 
is allowed to react with NOx and a part of NOx is changed to 
the N 2 gas. Thus, the amount of NOx is decreased. 

[Selected Figure] none 
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